Elephant grass has high biomass production, with qualities suitable for conversion into bioenergy, but has long been used exclusively for animal feed and only in recent years has it become an energetic alternative. Therefore, it is necessary to select genotypes with potential for energy production. This study evaluated the effect of five harvest times (8, 12, 16, 20, and 24 weeks) on the yield and chemical composition related to biomass quality through combined polynomial regression analyses of the following elephant grass genotypes: Cubano Pinda, Mercker 86-México, Pusa Napier n°1, Mole de Volta Grande, P-241-Piracicaba, and King Grass. A completely randomized design with three replicates, in a split-plot arrangement, was adopted, including two factors (plots = genotypes, subplots = harvest times). The evaluated variables were whole-plant dry matter yield, in t ha -1 (DMY), percentage of neutral detergent fiber (%NDF), and percentage of acid detergent fiber (%ADF). The elephant-grass genotypes Cubano de Pinda, Mercker 86-México, and P-241-Piracicaba showed a linear first-degree effect as a function of the harvest intervals, indicating that they did not reach their maximum production potential. Genotypes Pusa Napier n°1, Mole de Volta Grande, and King Grass, in turn, had a linear second-degree effect. For the NDF variable, all genotypes showed a significant linear second-degree effect as a function of the harvest intervals, except P-241-Piracicaba, for which no regression was observed. For this genotype, there was a significant linear first-degree effect on the %ADF variable.
Elephant grass has stood out as one of the main forage species used for this purpose (Morais et al., 2011) because of its high production of biomass with suitable quality for conversion into bioenergy (Mohammed et al., 2015) . This species is highly efficient in fixing atmospheric CO 2 (carbon dioxide) during its photosynthesis process.
For a long time, elephant grass was used exclusively in animal feeding, and only in recent years has it become an energy source. This has changed the desirable characteristics in the chemical composition of this species, since, now, a plant high in fiber, coupled with high biomass yields, is sought (Morais et al., 2009 ).
The importance of knowing the ideal age for harvest has been stressed by many researchers aiming at improved animal production, but little information is available for energy purposes. In this way, studies should be carried out with specific elephant-grass genotypes for biomass production for energy generation. The aim of the present study was to evaluate the effect of five harvest times (8, 12, 16, 20 and 24 weeks) on the yield and chemical composition related to the biomass quality of six genotypes of elephant grass through combined polynomial regression analyses so that one can determine the ideal age of cutting the elephant grass for energetic purposes.
Material and methods
The experiment was implemented on April 26, 2010, at the State Center for Research in Agroenergy and Waste Utilization of PESAGRO, located in Campos dos Goytacazes, RJ, Brazil. According to the Köppen (1948) classification, the climate of the region is a hot tropical and humid Aw type with dry winters and rainy summers.
The soil of the experimental area is classified as a Typic Dystrophic Yellow Latosol (EMBRAPA, 2006) with the following chemical composition: pH -6.3, phosphorus -5.0 mg dm -3 , potassium -176 mg dm -3 , calcium -2.6 cmol c dm -3 , magnesium -1.4 cmol c dm -3 , aluminum -0.1 cmol c dm -3 , hydrogen + aluminum -0.0 cmol c dm -3 , and carbon -1.26%.
The six most productive genotypes with best biomass quality were selected and evaluated according to the results obtained by Rossi et al. (2014) , as follows: Cubano Pinda, Mercker 86-México, Pusa Napier n°1, Mole de Volta Grande, P-241-Piracicaba, and King Grass.
A randomized block design with three replicates, in a split-plot arrangement, was adopted, including two factors (plots = genotypes, subplots = harvest times). Each plot consisted of a 15-m row spaced 1 m apart from each other, while each subplot consisted of 3 m, considering only the two central meters in the row for evaluation and disregarding half a meter from the extremities of each plot.
After the stage of establishment in the field, the first uniformity cut was made on August 5, 2010, followed by topdressing with 30 kg ha -1 ammonium sulfate and 20 kg ha -1 potassium chloride. Seedlings were replanted to recompose the plots, followed by equal topdressing, on October 31, 2010. After this procedure to reestablish the crop in the field, another uniformity cut was made on December 10. From that date, plots chosen at random were harvested, at 8, 12, 16, 20, and 24 weeks of age, on 02/02/2011, 03/02/2011, 04/05/2011, 04/26/2011, and 05/23/2011, respectively. After the harvest, the traits were evaluated in samples of whole plants collected at random.
Before being analyzed and evaluated in a laboratory, these samples were dried in a forced-air oven at 65 °C for 72 h. After drying, samples were ground through a Wiley mill with 1-mm sieves and placed in glass jars.
The following biomass quality traits were evaluated: Dry matter yield, in t ha -1 (DMY), was estimated as the total production of green matter by the whole plant by the percentage of dry matter of the whole plant, and the obtained value was converted to t ha -1 .
Chemical composition: percentage of neutral detergent fiber (%NDF) and percentage of acid detergent fiber (%ADF), analyzed in the Laboratory of Food Analysis of Embrapa Dairy Cattle, in Juiz de Fora, MG, Brazil, by the near infrared spectroscopy (NIRS) method, using a Perstorp 5000 analytical spectrometer (Silver Spring, MD) coupled to a microcomputer equipped with the ISI software version 4.1 (Infrasoft International, University, Park, PA). Preliminary evaluations were carried out for the calibration of the equipment, using samples corresponding to the different harvest ages. The definitive reading was made using the wavelengths of 1100 to 2500 nm.
Statistical analyses were performed using the Genes software (Cruz, 2013) , developed by the Federal University of Viçosa.
Results and Discussion

Dry Matter Yield (DMY)
Based on the estimates of mean squares for the sources of variation, regression, and deviations from regression for the linear first-and second-degree models applied to the mean values of dry matter yield (DMY) involving six genotypes of elephant grass in the five harvests during the experiment (Table 1) , a significant linear effect of harvest intervals was observed on the genotypes. Note. ** = Significant at the 1% probability level by the F test, * = Significant at the 5% probability level by the F test, ns = Not significant.
Genotypes Cubano Pinda, Mercker 86-México, and P-241-Piracicaba showed a linear first-degree effect (p < 0.01). Genotypes Pusa Napier nº1, Mole de Volta Grande, and King Grass, in turn, had a linear second-degree effect (p < 0.01).
The elevated biomass production capacity is one of the most important traits to be evaluated in this crop (Morais et al., 2011 ). In the current experimental conditions, comparing the dry matter yield of 12 weeks to that obtained at eight weeks (Table 2) , increases of 66% (Mole de Volta Grande and Cubano de Pinda) to 290% (King Grass) were observed. Values close to the mean (136%) were found in Mercker 86-México (107%), Pusa Napier n°1 (129%), and P-241-Piracicaba (161%). The observed dry matter contents confirm the increase in DM when the harvest interval is increased. Similar results were also observed by Quitete (2011) in an evaluation of elephant-grass hybrids in Campos dos Goytacazes, RJ, Brazil, and by Magalhães et al. (2006) , who evaluated the forage yield of elephant grass in Parnaíba, CE, Brazil.
The high precipitation followed by high temperatures and light intensity in the region during the months preceding the harvest ( With the favorable soil-climatic conditions in the region, i.e., the increased rainfall and higher temperatures during the experimental period, elephant grass can develop more easily, because such conditions, according to Silva et al. (2010) , are near the ideal setting for the growth of this grass.
The regression analysis also revealed that the genotypes that responded with a linear first-degree model (Cubano de Pinda, Mercker 86-México, and P-241-Piracicaba) showed accumulation of DM during the entire production cycle at 24 weeks of age. These findings were not observed for genotypes Pusa Napier n°1, King Grass, and Mole de Volta Grande, which showed maximum DMY of 24.14, 26.58, and 21.55 t ha -1 at 18.78, 20.59, and 21.51 weeks, respectively. Sales et al. (2015) evaluated the yield of elephant grass in the state of Paraná, Brazil, aiming at energy generation, and observed that this variable rose up to 17th week of age of the plants, but at values lower than that found in our study.
Other studies in which the authors investigated the harvest age of elephant grass on the yield of this forage also revealed increments in dry matter as the harvest intervals were increased , Leite et al., 2000 .
After these periods, there was a decline in DMY, which can be explained by the flowering period of the crop, since the harvests occurred between April and May. This indicates that the dry matter yield of elephant grass is affected not only by the age of the plant, but also by its flowering period (Figures 1 and 2) . 
Percentages of Neutral (NDF) and Acid (ADF) Detergent Fiber
According to Table 4 and Table 5 , the estimates of mean squares for the sources of variation, regressions, and deviations for the linear first-and second-degree models applied to the mean NDF and ADF values of the six elephant-grass genotypes at five harvests performed throughout the experiment. For the NDF variable, all genotypes showed a linear second-degree effect as a function of harvest time (Table 4) , except genotype P-241-Piracicaba, which showed no regression.
Also for genotype P-241-Piracicaba, a significant linear, first-degree effect was observed for the ADF variable (Table 5) , whereas the Cubano de Pinda, Mercker 86-México, Pusa Napier nº1, Mole de Volta Grande, and King Grass genotypes showed a linear second-degree effect. Note. ** = Significant at the 1% probability level by the F test, * = Significant at the 5% probability level by the F test, ns = Not significant. Note. ** = Significant at the 1% probability level by the F test, * = Significant at the 5% probability level by the F test, ns = Not significant. The results found in this study are higher than those reported by Flores et al. (2013) , who evaluated the NDF content in genotypes of elephant grass and found mean values ranging from 69 to 58%, at 25 weeks of age. As stated by Mistura et al. (2007) , these high values might have been a result of favorable soil-climatic factors during the period under evaluation (Table 3) , which promoted greater growth and development of the elephant-grass tillers.
The regression analysis also showed that, for the NDF and ADF traits, the genotypes had a reduction in their fiber contents, since all of the evaluated genotypes had their maxima ranging between 17 and 19 weeks of age. Genotype Mole de Volta Grande obtained the highest percentage of NDF -80.40%, at 19 weeks of age ( Figures  3 and 4) .
Genotypes Pusa Napier nº1 and King Grass had the highest losses in NDF content, which decreased by 6% from the 12th to the 20th week. Similar results were found by Pereira et al. (2002) , who studied genotypes of elephant grass and also found a decline in this variable after 75 to 90 days of age.
As depicted in Figures 5 and 6 , the evaluated genotypes showed an increase in fiber content as they aged, which may be attributed to the thickening and lignification of the plant cell wall and mainly to the increased proportion of stems in the harvested material, as stated by Bhering et al. (2008) .
The points of maximum obtained for the ADF variable in the evaluated genotypes occurred between 17 and 20 weeks, The maximum ADF attained by genotypes Cubano Pinda, Mercker 86-México, Pusa Napier n°1, Mole de Volta Grande, P-241-Piracicaba, and King Grass were 47.21, 48.79, 45.91, 49.74, 45.55, and 47 .82%, respectively. (2000) investigated the biomass quality of different genotypes, at different harvest ages, and found an ADF content of 48% at 100 days of growth (whole-plant mean), which was close to the result found in the present study. Morais et al. (2011) studied genotypes of elephant grass cultivated in a Planosol (Brazilian Soil Taxonomy) and found ADF values ranging from 34.4 and 42.1% for the stem and leaf fractions, respectively. These values are slightly lower than those found in the present study.
After this period, a decrease was observed in ADF, proving that the fiber contents in the plants are highly variable and can be influenced by several factors. Fava (2008) evaluated the ADF contents in the rainy and dry seasons in the Cerrado Matogrossense biome and obtained ADF contents of 48.2 and 45.8% in the respective periods, explaining the variability existing in fiber components. Soil-climatic conditions of the region, period of growth, and interval between harvests markedly influence the accumulation of these components in plant tissues.
The main obstacle in elephant grass production aimed at energy generation is determining the crop growing period, in which case longer harvest intervals lead to considerable increases in yield and mainly in fiber contents. Results for variables pertaining to the fiber content of the grass indicate that there is no need to maintain the Vol. 10, No. 1; 2018 material in the field for more than 20 weeks and that it can be used for biomass production at less than six months of age. However, further studies should be conducted on elephant grass during the dry season so that these numbers can be confirmed.
Conclusions
The genotypes Cubano de Pinda, Mercker 86-México and P-241-Piracicaba presented a significant linear first degree effect as a function of the cut intervals, indicating that they did not reach their maximum production potential. On the other hand, the genotypes Pusa Napier nº1, Mole de Volta Grande and King Grass, presented a linear effect of second degree.
For the NDF variable, all genotypes showed a significant second degree effect as a function of cut intervals, except for the P-241-Piracicaba genotype, which showed no regression. For this same genotype there was a significant linear first degree effect for the FDA variable.
In view of the obtained results, to associate quantity with quality of dry matter for energy-generation purposes, the best harvest age for the evaluated genotypes of elephant grass is 20 weeks.
